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arranged to apply a first offset to an mmput signal pair and
accordingly generate a first output signal pair; and a first
sampling circuit, coupled to the first offset generating circuit,
the first sampling circuit arranged to sample the first output
signal pair to generate a first sampling signal, wherein the first
sampling signal 1s utilized to i1dentily a data signal on the
input signal pair, and the first sampling circuit is controlled by
a first signal that 1s 1rrelevant to the input signal pair.
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Apply an offset voltage to an input (02
signal pair to accordingly generate an
oftset output signal pair

Sample voltage different between the 704
first output sienal and the second
output signal to generate the
sampling signal

Hold a second signal level of the 706
sampling signal during at least one
specific duration to accordingly
oenerate a detection signal
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DETECTING CIRCUIT AND RELATED
DETECTING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation application of co-pend-
ing U.S. patent application Ser. No. 12/987,146, which was
filed on Jan. 9, 2011 and 1s incorporated herein by reference.

BACKGROUND

The present mvention relates to detecting circuit and a
related detecting method, and more particularly to a detecting
circuit applied for generating a detection signal according to
an mput signal pair to notily a recerving system, and a detect-
ing method thereof.

In a signal transmission system, a receiver of the signal
transmission system 1s set to go 1nto a sleep mode when the
receiver does not receive any signal for a certain period of
time, 1 order to reduce the current consumption of the
receiver. However, the receiver should awake as soon as pos-
sible when a real signal (e.g. data signal) 1s transmitted to the
receiver such that the receiver does not miss the nputted
signal. Therefore, a signal detection circuit 1s installed in front
of the receiver to detect 11 the real signal 1s mputted nto the
receiver when the receiver 1s 1n the sleep mode. When the
signal detection circuit detects that the real signal has
appeared on the cable connected to the recerver, the signal
detection circuit awakes the recerver from the sleep mode.
Then, a clock data recovery circuit 1n the receiver starts to
lock the inputted signal. In certain advanced signal transmis-
sion systems, such as a high speed serial link system, the
frequency of the mputted signal has become much faster in
order to increase the data transmission rate of the system.
Under this circumstance, the conventional signal detection
circuit may be too slow 1in detecting the high speed imnputted
signal. More specifically, the signal detection circuit may be
unable to determine 11 the mputted signal 1s the real signal or
just noise that has emerged from the cable. If the signal
detection circuit does not precisely awake the recetver when
the real signal 1s transmitted to the recerver, the recerver may
miss the imputted signal. To solve this problem, complex
signal detection circuits using analog peak-bottom holders
are developed. Under high operation speed requirement,
however, the signal detection circuits are power-consumed
with large level variation. That 1s, conventional signal detec-
tion circuits cannot look after both accuracy and simplicity.
Theretore, providing an efficient and high speed s1ignal detec-
tion circuit to precisely detect the real mput signal 1s a sig-
nificant concern 1n the field of signal transmission systems.

SUMMARY

One of the objectives of the present invention 1s therefore to
provide a detecting circuit applied for generating a detection
signal according to an mput signal pair to notily a receiving
system, and a related detecting method.

According to a first embodiment of the present invention, a
detecting circuit 1s disclosed. The detecting circuit comprises
a first offset generating circuit and a first sampling circuit. The
first offset generating circuit 1s arranged to apply a first offset
to an mput signal pair and accordingly generate a first output
signal pair. The first sampling circuit 1s coupled to the first
olffset generating circuit, the first sampling circuit arranged to
sample the first output signal pair to generate a first sampling
signal, wherein the first sampling signal 1s utilized to identily
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2

a data signal on the mnput signal pair, and the first sampling
circuit 1s controlled by a first signal that 1s 1rrelevant to the
input signal pair.

According to a second embodiment of the present mven-
tion, a detecting method 1s disclosed. The detecting method
comprises: applying, with a first offset generating circuit, a
first oifset to an mput signal pair to accordingly generate a
first output signal pair; and sampling, with a first sampling
circuit, the first output signal pair to generate a first sampling
signal, wherein the first sampling signal 1s utilized to identily
a data signal on the mput signal pair, and the first sampling
circuit 1s controlled by a first signal that 1s irrelevant to the
input signal pair.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill 1n the art after
reading the following detailed description of the preferred
embodiment that1s illustrated 1n the various figures and draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating a detecting circuit accord-
ing to an embodiment of the present invention.

FIG. 2 1s a timing diagram 1illustrating an input signal parr,
an oifset output signal pair, a clock signal, a sampling signal,
and a detection signal 1n the detecting circuit shown in FI1G. 1.

FIG. 3 1s a diagram 1illustrating a detecting circuit accord-
ing to a second embodiment of the present invention.

FIG. 4 1s a diagram 1illustrating a detecting circuit accord-
ing to a third embodiment of the present invention.

FIG. 5 1s a diagram 1illustrating a detecting circuit accord-
ing to a fourth embodiment of the present invention.

FIG. 6 1s a timing diagram 1llustrating a first offset output
signal pair, a second offset output signal pair, a first clock
signal, a second clock signal, a first sampling signal, a second
sampling signal, a combined sampling signal, and a detection
signal 1n the detecting circuit in FIG. 5.

FIG. 7 1s a flowchart illustrating a detecting method
according to a fifth embodiment of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the description and fol-
lowing claims to refer to particular components. As one
skilled 1n the art will appreciate, electronic equipment manu-
facturers may refer to a component by different names. This
document does not intend to distinguish between components
that differ 1n name but not function. In the following descrip-
tion and in the claims, the terms “include™ and “comprise™ are
used 1n an open-ended fashion, and thus should be interpreted
to mean ‘“include, but not limited to . . . . Also, the term
“couple” 1s mtended to mean either an indirect or direct
clectrical connection. Accordingly, 1f one device 1s coupled to
another device, that connection may be through a direct elec-
trical connection, or through an indirect electrical connection
via other devices and connections.

Please refer to FIG. 1. FIG. 1 1s a diagram 1illustrating a
detecting circuit 100 according to an embodiment of the
present invention. The detecting circuit 100 1s employed for
generating a detection signal Sd according to an iput signal
pair Sin, wherein the detection signal Sd 1s suitable for 1den-
tifying whether a data signal 1s received on the mput signal
pair. In other words, the obtained detection signal Sd 1s uti-
lized to 1dentify 11 a real signal 1s transmitted to areceiver. The
detecting circuit 100 comprises an oflset generating circuit
102, a sampling circuit 104, and an extension circuit 106. The
offset generating circuit 102 1s arranged to apply an offset,
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¢.g., an oilset voltage V1, to the input signal pair Sin and
accordingly generate an offset output signal pair Sfo. The
sampling circuit 104 1s coupled to the offset generating circuit
102, and the sampling circuit 104 1s arranged to sample the
offset output signal pair Sfo for generating a sampling signal
Ss when a different voltage between the offset output signal
pair Sio reaches a predetermined level Vp according to a
clock signal Sck. The extension circuit 106 1s coupled to the
sampling circuit 104 and 1s arranged to generate the detection
signal Sd according to at least the sampling signal Ss. The
sampling signal Ss has transitions between a first signal level
V1 (e.g.low logic level °0°) and a second signal level V2 (e.g.
high logic level °1”), and the extension circuit 106 1s utilized
for removing or smoothing the toggle of the sampling signal
Ss. In one embodiment, the extension circuit 106 1s arranged
to hold the second signal level V2 of the sampling signal Ss
during at least one specific duration and accordingly generate
the detection signal Sd. However, 11 the toggle issue 1s pre-
vented, for example, the sampling signal Ss 1s without toggle
or the subsequent circuit that recerves the detection signal Sd
1s compatible with the toggle of the sampling signal Ss, the
extension circuit 106 may be omitted.

More specifically, according to the present embodiment,
the input signal pair Sin 1s a differential 1input signal pair;
therefore the mput signal pair Sin includes a positive input
signal and a negative mput signal, 1.e., a first input signal Sin+
and a second 1nput signal Sin- respectively. Accordingly, the
olfset output signal pair Sto 1s also a differential output signal
pair including a first positive output signal and a first negative
output signal, 1.¢., a first output signal Sfo+ and a second
output signal Sfo- respectively. The offset generating circuit
102 provides the offset voltage V1 to the input signal pair Sin
in order to provide different common mode voltages to the
first output signal Sfo+ and the second output signal Sfo-. In
one embodiment, the common mode voltage of the first input
signal Sin+ 1s reduced to accordingly generate the first output
signal Sfo+, while the common mode voltage of the second
input signal Sin- 1s kept intact to accordingly generate the
second output signal Sfo—, 1.e., the common mode voltage of
the first output signal Sto+ 1s lower than the common mode
voltage of the first mnput signal Sin+, and the common mode
voltage of the second output signal Sto- 1s equal to the com-
mon mode voltage of the second 1input signal Sin-. Therefore,
the common mode voltage of the first output signal Sfo+ 1s the
common mode voltage of the second output signal Sfo-
minus the offset voltage VT1. It should be noted that the present
invention 1s not meant to limit reducing the common mode
voltage of the first input signal Sin+ while keeping the com-
mon mode voltage of the second input signal Sin- intact.
Those skilled in the art will understand that reducing the
common mode voltage of the second input signal Sin- and
keep the common mode voltage of the first input signal Sin+
intact, or reducing/increasing the common mode voltage of
the first input signal Sin+ while increasing/reducing the com-
mon mode voltage of the second 1nput signal Sin— may also
have a similar effect. These modifications also belong to the
scope of the present invention.

Please refer to FIG. 2. FIG. 2 15 a timing diagram 1llustrat-
ing the mput signal pair Sin, the output signal pair Sio, the
clock signal Sck, the sampling signal Ss, and the detection
signal Sd according to an embodiment of the present inven-
tion, 1n which: the first input signal Sin+ and the second input
signal Sin— have the same first common mode voltage Veml;
the common mode voltage of the first output signal Sio+
becomes the second common mode voltage Vem2 but the
common mode voltage of the second output signal Sfo— 1s
still the first common mode voltage Veml after being pro-
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cessed by the offset generating circuit 102; and the clock
signal Sck 1s illustrated by a plurality of arrows as shown 1n
FIG. 2. Furthermore, no real iput data exists 1n the mput
signal pair Sin before the time t1, therefore the voltage levels
of the first input signal Sin+ and the second input signal Sin-
are kept at the first common mode voltage Vcm1 before the
time t1. In other words, the difference 1n voltage between the
first input signal Sin+ and the second input signal Sin-, 1.e.,
the voltage level of the first input signal Sin+ minus the
voltage level of the second input signal Sin—, 1s substantially
equal to zero. When the real mput data 1s mputted into the
olfset generating circuit 102 after the time t1, the difference 1in
voltage between the first mput signal Sin+ and the second
input signal Sin— 1s larger than zero 11 the input data 1s bit one
(e.g., the mnput data at time t3), and the difference 1n voltage
between the first input signal Sin+ and the second imnput signal
Sin—- 1s smaller than zero 11 the input data 1s bit zero (e.g., the
input data at time 12).

When the offset generating circuit 102 1s employed to
provide the offset voltage V1 upon the input signal pair Sin to
generate the offset output signal pair Sto, the difference 1n
voltage between the first output signal Sto+ and the second
output signal Sfo—, 1.e., the voltage level of the first output
signal Sfo+ minus the voltage level of the second output
signal Sto-, 1s smaller than zero before the time t1. When the
real input data 1s inputted into the offset generating circuit 102
after the time t1, the difference 1n voltage between the first
output signal Sfo+ and the second output signal Sto- 1s larger
than zero 11 the input data 1s bit one (e.g., the input data at time
t3), and the difference 1n voltage between the first output
signal Sfo+ and the second output signal Sfo- 1s smaller than
zero 1 the iput data 1s bit zero (e.g., the input data at time t2).
In other words, except for the case when the input data 1s bat
one (when the input signal has an amplitude larger than the
ollset voltage V1), the difference in voltage between the first
output signal Sfo+ and the second output signal Sfo- 1is
always smaller than zero. Then, by utilizing the clock signal
Sck, the sampling circuit 104 samples the oflset output signal
pair Sfo to generate the sampling signal Ss indicating 1f the
difference in voltage between the first output signal Sfo+ and
the second output signal Sto- 1s larger than zero as shown 1n
FIG. 2.

Therefore, with employing the offset generating circuit
102 to process the mput signal pair Sin before it 1s mnputted
into the sampling circuit 104, the sampling signal Ss 1s
equivalent to indicate whether the difference in voltage
between the first input signal Sin+ and the second mput signal
Sin- 1s larger than the offset voltage V1 or whether the ampli-
tude of the input signal pair Sin 1s larger than the offset
voltage V1. In other words, when the voltage level of the first
output signal Sfo+ 1s increased to reach the voltage level of
the second output signal Sto-, the difference in voltage
between the first output signal Sfo+ and the second output
signal Sfo- 1s larger than zero. Therefore, the above-men-
tioned situation when a voltage of the input signal pair Sin
reaches the predetermined level Vp can be regarded as when
the difference in voltage between the first output signal Sfo+
and the second output signal Sfo- 1s larger than zero. Thus,
the offset voltage V1 1s a barrier to block the noise from
erroneously activating the CDR circuit or the receiver, and
those mput signals having a difference 1n voltage (or ampli-
tude) larger than the offset voltage V1 can only be regarded as
the real input data. In this way, the high speed signal detection
circuit 100 efficiently and precisely detects the real input data
signal; noise signal whose amplitude 1s not larger than the
olfset voltage VI will not activate the recerver.

[l
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In other words, 1 the offset generating circuit 102 1s not
employed to provide the offset voltage V1 for the input signal
pair Sin, the sampling circuit 104 may directly recerve the
input signal pair Sin. Then, when the difference 1n voltage
between the first input signal Sin+ and the second mnput signal
Sin- 1s larger than zero, the sampling circuit 104 may sample
the wrong input signal and accordingly generate the wrong,
sampling signal since the difference 1n voltage that 1s larger
than zero may be merely induced by noise on the input signal
pair Sin.

Please refer to FIG. 1 again in conjunction with FIG. 2. The
clock signal Sck controls the sampling circuit 104 to sample
the offset output signal pair Sfo 1n every cycle (or every half
cycle) of the clock signal Sck. In this embodiment, the voltage
level of the sampling signal Ss 1s transited to the high voltage
level from the low voltage level when the sampling circuit 104
detects that the difference 1n voltage between the first output
signal Sfo+ and the second output signal Sfo- 1s larger than
zero at the time t3. The voltage level of the sampling signal Ss
1s transited to the low voltage level from the high voltage level
when the sampling circuit 104 detects that the diflerence in
voltage between the first output signal Sfo+ and the second
output signal Sfo— 1s smaller than zero at the time t4. In other
words, the voltage level of the sampling signal Ss 1s the high
voltage level when the 1mput data 1s bit one, and the voltage
level of the sampling signal Ss 1s the low voltage level when
the input data 1s bit zero. Accordingly, the sampling signal Ss
1s a toggle signal that transits between the high voltage level
and the low voltage level when the real data 1s inputted into
the detecting circuit 100. In other words, 1t 1s determined that
the real data 1s mputted into the detectlng circuit 100 11 the
sampling signal Ss 1s a toggle signal.

Since the sampling signal Ss may be used to awake the
receiving system under the sleep mode as recited in the
related art, the toggling sampling signal Ss 1s better to be
stable at one voltage level, e.g., the high voltage level, when
the real data 1s inputted 1nto the detecting circuit 100 such that
the recerving system may receive a stable wakening signal
Therefore, the extension circuit 106 1s employed to receive
the sampling signal Ss for holding the high voltage level, 1.¢.,
the above-mentioned second signal level V2, of the samphng
signal Ss when the sampling signal Ss 1s transited from the
low voltage level, 1.e., the above-mentioned first signal level
V1, to the high voltage level. For the example shown 1n FIG.
2, the extension circuit 106 holds the high voltage level at the
time t4 and at the time t6. More specifically, at the time t4, the
extension circuit 106 holds the high voltage level for one
cycle of the clock signal Sck, and then the sampling signal Ss
1s transited from the low voltage level to the high voltage level
again since the sampling circuit 104 samples the input signal
pair of bit one at time t3. At the time t6, the extension circuit
106 holds the high voltage level for two cycles (e.g., the time
interval ta) of the clock signal Sck until time t7. At time t7, the
sampling circuit 104 detects that the difference in voltage
between the first output signal Sfo+ and the second output
signal Sfo- 1s substantially equal to the offset voltage V1, and
then the sampling circuit 104 determines that there 1s no real
input data inputted into the detecting circuit 100. Then, the
extension circuit 106 changes the voltage level of the detec-
tion signal Sd to transit back to the low voltage level from the
high voltage level after time t7. Accordingly, the detection
signal Sd, which 1s derived from the sampling signal Ss, has
a stable high voltage level to awake the receiving system from
the sleep mode.

In addition, 1f the noise 1s large enough to make the differ-
ence 1n voltage between the first output signal Sfo+ and the
second output signal Sfo— be larger than zero, the sampling
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circuit 104 may erroneously transit the voltage level of the
sampling signal Ss from the low voltage level to the high
voltage level. Then, the detecting circuit 100 may generate the
detection signal Sd to erroneously awaken the receiving sys-
tem from the sleep mode. A second embodiment 1s provided
to solve this problem as shown in FIG. 3. FIG. 3 1s a diagram
illustrating a detecting circuit 300 according to a second
embodiment of the present mvention. As well as the offset
generating circuit 102, the sampling circuit 104, and the
extension circuit 106, the detecting circuit 300 further com-
prises a counting circuit 302 and a decision circuit 304. The
counting circuit 302 1s coupled to the sampling circuit 104 for
counting the transitions 1n the sampling signal Ss to generate
a counting value Sc. The decision circuit 304 1s coupled to the
counting circuit 302 to generate an indicating signal Si
according to the counting value Sc. When the counting value
Sc reaches a predetermined value, the decision circuit 304
generates the indicating signal Si1to indicate that the detection
signal Sd 1s a valid detection signal. It should be noted that the
devices having the same numerals as the devices of the detect-
ing circuit 100 also have similar functions, and thus their
detailed description 1s omitted here for brevity.

More specifically, when the sampling circuit 104 generates
the sampling signal Ss having transitions between the low
voltage level and the high voltage level as shown 1n the time
interval between the times t3 and t7, the counting circuit 302
counts the transitions (i.e., the edges) of the sampling signal
Ss for generating the counting value Sc to determine 1if the
transition 1s caused by noise or the real input data. Therefore,
when the counting value Sc reaches the predetermined value
(e.g., 10), the decision circuit 304 generates the indicating
signal S1 to indicate that the detection signal Sd 1s a valid
detection signal, 1.¢., the transitions are caused by the real
input data. When the counting value Sc does not reach the
predetermined value, the decision circuit 304 generates the
indicating signal S1 to indicate that the detection signal Sd 1s
not a valid detection signal, 1.e., the transition 1s caused by
noise. Accordingly, by using both the indicating signal S1and
the detection signal Sd, the recerving system 1s guaranteed to
be awoken by the real input data.

Furthermore, the sampling circuit 104 can be implemented
as a D type thip-flop or a sense amplifier-based flip flop 1n
other embodiments of the present invention, but this 1s not the
limitation of the present invention.

Please refer to FIG. 4. FIG. 4 15 a diagram 1illustrating a
detecting circuit 400 according to a third embodiment of the
present invention. In this embodiment, the above-mentioned
ollset generating circuit 102 and the sampling circuit 104 are
implemented by a differential unbalanced D type flip-tlop.
Theretore, the detecting circuit 400 comprises a difierential
unbalanced D type tlip-flop 402 and an extension circuit 404.
The mput stage 4022 of the differential unbalanced D type
tlip-tflop 402 1s arranged to provide an offset voltage VT to the
input signal pair Sin' to accordingly generate an offset output
signal pair S1o', and the output stage 4024 of the differential
unbalanced D type flip-flop 402 1s arranged to generate the
sampling signal Ss' according to the offset output signal pair
Sio'. It should be noted that the input stage 4022 1s only the
differential input pair of the differential unbalanced D type
tlip-flop 402 but not the whole circuit of the differential
unbalanced D type flip-tlop 402, and the detailed circuit of the
output stage 4024 of the differential unbalanced D type flip-
flop 402 1s omitted in FIG. 4 for brevity.

Similarly, the input signal pair Sin' 1s a differential input
signal pair including a first mnput signal Sin+' and a second
input signal Sin-', and the offset output signal pair Sto' 1s a
differential output signal pair including a first output signal
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Sio—'and a second output signal Sfo+'. The offset generating
circuit 4022 comprises a current source 4022a, a first transis-
tor 40225, and a second transistor 4022¢. The current source
4022a has a first node coupled to a reference voltage, 1.¢., the
ground voltage Vgnd. The first transistor 40225b, ¢.g., an
N-type transistor, has a first node coupled to a second node of
the current source 40224, a control node N1 coupled to the
first input signal Sin+', and a second node N2 outputting the
first output signal Sto-'. The second transistor 4022¢, e.g., an
N-type transistor, has a first node coupled to the second node
of the current source 40224, a control node N3 coupled to a
second 1nput signal Sin—', and a second node N4 outputting
the second output signal Sfo+'. In addition, the aspect ratio
(W/L), ofthe first transistor 40225 1s ditferent from the aspect
ratio (W/L), of the second transistor 4022¢. In this embodi-
ment, the aspect ratio (W/L), 1s smaller than the aspect ratio
(W/L),. By doing this, the common mode voltage of the
second output signal Sfo+' 1s reduced and the common mode
voltage of the first output signal Sfo-'1s kept intact, or the
common mode voltage of the first output signal Sfo-' is
increased and the common mode voltage of the second output
signal Sfo+' 1s kept intact. In other words, by adjusting the
aspect ratio (W/L), and the aspect ratio (W/L),, the oftset
voltage V1 1s provided to adjust the common mode voltage of
the first input signal Sin+' or the common mode voltage of the
second input signal Sin-' to accordingly generate the first
output signal Sfo+' and the second output signal Sto-'.

When the first output signal Sto+' and the second output
signal Sfo-'are generated, the output stage 4024 recerves the
first output signal Sfo+' and the second output signal Sfo-'to
generate the sampling signal Ss' accordingly. Since the rest
operation of the detecting circuit 400 1s similar to the first
embodiment detecting circuit 100, the detailed description 1s
omitted here for brevity. It should be noted that, by utilizing
the differential unbalanced D type tlip-tlop 402 to implement
the offset generating circuit 102 and the sampling circuit 104,
the size of the detecting circuit 400 can be minimized. Fur-
thermore, the offset generating circuit 102 and the sampling,
circuit 104 can also be implemented by merely a sensing
amplifier having an unbalanced differential input pair stmilar
to the input stage 4022 of the differential unbalanced D type
tlip-tflop 402, which also belongs to the scope of the present
invention. In addition, the embodiment disclosed 1n FIG. 3
can also be applied 1n the embodiment of FIG. 4 to reach
similar results, and this also belongs to the scope of the
present invention.

Please refer to FIG. 2 again. If the sampling edges of the
clock signal Sck are aligned to the transition edges of the
offset output signal pair Sto, the sampling circuit 104 may be
unable to distinguish 1f the sampled point upon the offset
output signal pair Sfo corresponds to bit one or bit zero. In this
case, the sampling circuit 104 may generate the wrong sam-
pling signal Ss to the extension circuit 106. Therefore,
another embodiment 1s presented to solve this problem as
shown 1n FIG. 5. FIG. 3 1s a diagram 1llustrating a detecting
circuit 500 according to a fourth embodiment of the present
invention. The detecting circuit 500 comprises a first offset
generating circuit 502, a first sampling circuit 504, a second
offset generating circuit 506, a second sampling circuit 508, a
logic circuit 510, and an extension circuit 512. The first offset
generating circuit 502 1s arranged to apply a first offset V11"
to an mput signal pair Sin" and accordingly generate a first
offset output signal pair Sfol". The first sampling circuit 504
1s coupled to the first oflset generating circuit 502 to sample
the first offset output signal pair Stol" for generating a first
sampling signal Ss1" when a voltage difference between the

first offset output signal pair Stol" reaches a first predeter-
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mined level Vpl1" according to a first clock signal Sck1". The
second offset generating circuit 506 1s arranged to apply a
second offset V12" to the input signal pair Sin" and accord-
ingly generate a second oifset output signal pair Stfo2". The
second sampling circuit 508 1s coupled to the second offset
generating circuit 506 to sample the second offset output
signal pair Sfo2" for generating a second sampling signal
Ss2" according to a second clock signal Sck2" when a voltage
difference between the second oflset output signal pair S1o2"
reaches a second predetermined level Vp2". The logic circuit
510 1s coupled to the first sampling circuit 504 and the second
sampling circuit 508 for combining the first sampling signal
Ss1" and the second sampling signal Ss2" to generate a com-
bined sampling signal Scb" for identifying a data signal on the
input signal pair Sin". In addition, the combined sampling
signal Scb' has transitions between a first signal level V1" and
a second signal level V2" The extension circuit 512 1s coupled
to the logic circuit 510 to hold the second signal level V2" of
the combined sampling signal Scb" during at least one spe-
cific duration and accordingly generate the detection signal
Sd", wherein the combined sampling signal Scb" has one
transition from the first signal level V1" to the second signal
level V2" 1n the beginning of each specific duration. Further-
more, the obtained detection signal Sd" 1s utilized to identify
if a real signal 1s transmitted to a receiver.

Please note that the first offset generating circuit 502 and
the second offset generating circuit 506 are operated 1n a
similar way to the operation of the above-mentioned offset
generating circuit 502, the first sampling circuit 504 and the
second sampling circuit 508 are operated 1n a similar way to
the operation of the above-mentioned sampling circuit 104,
and the extension circuit 512 is operated 1n a similar way to
the operation of the above-mentioned extension circuit 106,
thus detailed descriptions are omitted here for brevity. Fur-
thermore, the first offset VI1" 1s equal to the second oifset
V12", and the first predetermined level Vpl" 1s equal to the
second predetermined level Vp2" in this embodiment, how-
ever this 1s not the limitation of the present invention.

In this embodiment, the phase of the first clock signal
Sck1" 1s different from the phase of the second clock signal
Sck2". Therefore, the sampling time of the first sampling
circuit 504 sampling the first offset output signal pair Stol" 1s
different from the sampling time of the second sampling
circuit 508 sampling the second oilset output signal pair
S102". To more clearly illustrate the operation of the first
sampling circuit 504 and the second sampling circuit 508, the
first oilset output signal pair Stol" 1s assumed to be similar to
the second offset output signal pair Sto2" as shown 1n FI1G. 6.
FIG. 6 1s a timing diagram illustrating the first offset output
signal pair Stol", the second ofiset output signal pair Sfo2",
the first clock signal Sck1", the second clock signal Sck2", the
first sampling signal Ss1", the second sampling signal Ss2",
the combined sampling signal Scb", and the detection signal
Sd" according to an embodiment of the present invention,
wherein the sampling edges of the first clock signal Sck1" are
assumed to align to the transition edges of the first offset
output signal pair Stol", and the sampling edges of the second
clock signal Sck2" are slightly staggered from the transition
edges of the second offset output signal pair STo2".

Accordingly, the first sampling circuit 504 may not transit
the voltage level of the first sampling signal Ss1" to the high
voltage level from the low voltage level at time t1" and time
t3" since the first sampling circuit 504 samples the transition
edge of the first oifset output signal pair Stol". However, the
second sampling circuit 308 transits the voltage level of the
second sampling signal Ss2" to the high voltage level from the
low voltage level at time 12" and time t6" since the first
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sampling circuit 504 does not sample the transition edge of
the second offset output signal pair Sfo2". Similarly, the first
sampling circuit 504 may not transit the voltage level of the
first sampling signal Ss1" back to the low voltage level from
the high voltage level at time t3" but transit the voltage level
of the first sampling signal Ss1" to the low voltage level from
the high voltage level at time t8" instead. However, the second
sampling circuit 308 transits the voltage level of the second
sampling signal Ss2" back to the low voltage level from the
high voltage level at time t4" and time t7".

The logic circuit 510, which may be implemented by an
OR gate, combines the first sampling signal Ss1™ and the
second sampling signal Ss2" to generate the combined sam-
pling signal Scb". In other words, 1f the clock signal of one
sampling circuit of the first sampling circuit 504 and the
second sampling circuit 308 1s aligned to the transition edges
of offset output signal pair, ¢.g., the first offset output signal
pair Sfol" and the second offset output signal pair Sfo2" in
this embodiment, the other sampling circuit can still sample
the offset output signal pair correctly to generate the corre-
sponding sampling signal.

In addition, the first oflset generating circuit 302 and the
second offset generating circuit 306 can also be merged 1nto
one offset generating circuit since the first oifset output signal
pair Sfol" 1s similar to the second offset output signal pair
S1o2" 1n this embodiment. More specifically, the only offset
generating circuit provides an offset to the iput signal pair
Sin'" and accordingly generates an oifset output signal pair for
both the first sampling circuit 504 and the second sampling
circuit 508. Furthermore, the embodiment disclosed in FIG. 4
can also be applied 1n the embodiment of FIG. 5 1n order to
reach similar results, and this also belongs to the scope of the
present invention.

Furthermore, the embodiment disclosed in FIG. 3 can also
be applied in the embodiment of FIG. 5 in order to reach
similar results. More specifically, a counting circuit can be
employed to couple to the logic circuit 5312 for counting the
transitions of the combined sampling signal Scb' to generate
a counting value Sc". A decision circuit can be employed to
couple to the counting circuit to generate an indicating signal
S1" according to the counting value Sc", wherein when the
counting value Sc" reaches a predetermined value, the deci-
s10n circuit generates the indicating signal S1" to indicate that
the detection signal Sd" 1s a valid detection signal. As the
operation of the counting circuit and the decision circuit 1s
similar to the above-mentioned counting circuit 302 and the
decision circuit 304, the detailed description 1s omitted here
for brevity.

Please refer to FIG. 7. FIG. 7 1s a flowchart 1llustrating a
detecting method 700 according to an embodiment of the
present invention. The detecting method 700 1s for generating,
a detection signal to awake the receiving system from the
sleep mode. Therefore, the above-mentioned embodiments of
detecting circuit may be regarded as employing the detecting
method 700 to generate the detection signal. For simplicity,
the detailed description of the detecting method 700 1s
described 1n conjunction with the detecting circuit 100. Fur-
thermore, provided that substantially the same result 1s
achieved, the steps of the flowchart shown 1n FIG. 7 need not
be 1n the exact order shown and need not be contiguous; that
1s, other steps can be intermediate. The detecting method 700
COmMprises:

Step 702: Apply the oiffset voltage V1 to the input signal
pair Sin to accordingly generate the offset output signal pair
Sto;

Step 704: Sample a voltage difference between the first
output signal Sfo+ and the second output signal Sfo- to
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generate the sampling signal Ss for identifying 11 a real input
data signal 1s on the mput signal pair;

Step 706: Hold the second signal level V2 of the sampling
signal Ss during at least one specific duration to accordingly
generate the detection signal Sd.

Since the detecting method 700 1s applied 1n the differential
detecting circuit 100, the offset voltage V1 can be applied 1n
either the first mput signal Sin+ or the second input signal
Sin— of the differential pair input signal Sin for adjusting the
common mode voltage of the input signal pair being applied.
For example, the oflset voltage V1 1s applied to the first input
signal Sin+ to reduce the common mode voltage of the first
iput signal Sin+ to accordingly generate the first output
signal Sto+ and keep the second mnput signal Sin- intact to
accordingly generate the second output signal Sto-.

According to the embodiment of the detecting circuit 100
as described above, the difference 1n voltage between the first
iput signal Sin+ and the second nput signal Sin— 1s larger
than zero 1f the mnput data 1s bit one, and the difference in
voltage between the first input signal Sin+ and the second
input signal Sin- 1s smaller than zero 11 the input data 1s bit
zero. Therefore, when the difference 1n voltage between the
first mput signal Sin+ and the second nput signal Sin- 1s
larger than zero, the sampling circuit 104 transits the voltage
level of the sampling signal Ss to the high voltage level from
the low voltage level, and when the difference in voltage
between the first input signal Sin+ and the second mput signal
Sin—- 1s smaller than zero, the sampling circuit 104 transits the
voltage level of the sampling signal Ss back to the low voltage
level from the high voltage level (Step 704).

Accordingly, the sampling signal Ss 1s a toggle signal that
transits between the high voltage level and the low voltage
level when the real data 1s mnputted 1nto the detecting circuit
100. Then, the extension circuit 106 holds the high voltage

level of the sampling signal Ss until there 1s no real data to be
inputted into the detecting circuit 100 (Step 706). Accord-
ingly, the detection signal Sd having the stable high voltage
level can be generated to awake the recerving system from the
sleep mode.

Briefly, by providing an offset Voltage upon the mput sig-
nal, the present invention provides eflicient detecting circuits
to accurately detect 11 a real diflerential input data 1s inputted
to the receiving system. In addition, by implementing the
detecting circuits 1n a digital way, the size of the detecting
circuits can be minimized and the operating speed of the
detecting circuits can be maximized.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What 1s claimed 1s:

1. A detectmg circuit, comprising:

a first offset generating circuit, arranged to apply a first
offset to an mnput signal pair and accordingly generate a
first output signal pair; and

a first sampling circuit, coupled to the first offset generat-
ing circuit, the first sampling circuit arranged to sample
the first output signal pair to generate a first sampling
signal, wherein the first sampling signal 1s utilized to
identily a data signal on the input signal pair, and the first
sampling circuit 1s controlled by a first signal that 1s
irrelevant to the input signal pair;

wherein the first offset generating circuit applies the first

offset to the input signal pair in order to provide different
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common mode voltages to a first positive output signal
and a first negative output signal of the first output signal
pair.

2. The detecting circuit of claim 1, wherein the common
mode voltage of the first positive output signal 1s the common
mode voltage of the first negative output signal minus the first
offset, and the first sampling signal 1s utilized to 1dentily the
data signal with amplitude larger than the first oflset.

3. The detecting circuit of claim 1, wherein the first sam-
pling circuit comprises a D type tlip-tlop or a sense amplifier-
based thp flop.

4. A detecting circuit, comprising:

a first offset generating circuit, arranged to apply a first
olfset to an 1nput signal pair and accordingly generate a
first output signal pair; and

a first sampling circuit, coupled to the first offset generat-
ing circuit, the first sampling circuit arranged to sample
the first output signal pair to generate a first sampling
signal, wherein the first sampling signal 1s utilized to
identify a data signal on the input signal pair, and the first
sampling circuit 1s controlled by a first signal that 1s
irrelevant to the input signal pair;

wherein the first offset generating circuit comprises:

a current source, having a first node coupled to a reference
voltage;

a first transistor, having a first node coupled to a second
node of the current source, a control node coupled to the
positive mput signal included in the input signal patr,
and a second node outputting the first negative output
signal; and

a second transistor, having a first node coupled to the
second node of the current source, a control node
coupled to the negative input signal included 1n the input
signal pair, and a second node outputting the first posi-
tive output signal;

wherein an aspect ratio of the first transistor 1s different
from an aspect ratio of the second transistor.

5. A detecting circuit, comprising:

a first offset generating circuit, arranged to apply a first
olfset to an 1nput signal pair and accordingly generate a
first output signal pair;

a first sampling circuit, coupled to the first offset generat-
ing circuit, the first sampling circuit arranged to sample
the first output signal pair to generate a first sampling
signal, wherein the first sampling signal 1s utilized to
identify a data signal on the input signal pair, and the first
sampling circuit 1s controlled by a first signal that 1s
irrelevant to the input signal pair;

a counting circuit, coupled to the first sampling circuit, the
counting circuit arranged to count transitions 1n the first
sampling signal to generate a counting value; and

a decision circuit, coupled to the counting circuit, the deci-
sion circuit arranged to generate an indicating signal
according to the counting value;

wherein when the counting value reaches a predetermined
value, the decision circuit generates the indicating signal
to indicate that the first sampling signal 1s a valid first
sampling signal.

6. A detecting circuit, comprising:

a lirst offset generating circuit, arranged to apply a first
oflset to an input signal pair and accordingly generate a
first output signal pair; and

a first sampling circuit, coupled to the first oflset generat-
ing circuit, the first sampling circuit arranged to sample
the first output signal pair to generate a first sampling
signal, wherein the first sampling signal 1s utilized to
identify a data signal on the input signal pair, and the first
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sampling circuit 1s controlled by a first signal that 1s
irrelevant to the input signal pair;

wherein the first sampling signal has transitions between a
first signal level and a second signal level, and the detect-
ing circuit further comprises:

an extension circuit, coupled to the first sampling circuit,
the extension circuit arranged to hold the second signal
level of the first sampling signal during at least one
specific duration and accordingly generate a detection
signal utilized to 1dentity the data signal on the input
signal pair.

7. A detecting circuit, comprising;

a first oflset generating circuit, arranged to apply a first
offset to an mput signal pair and accordingly generate a
first output signal pair; and

a first sampling circuit, coupled to the first offset generat-
ing circuit, the first sampling circuit arranged to sample
the first output signal pair to generate a first sampling
signal, wherein the first sampling signal 1s utilized to
identify a data signal on the input signal pair, and the first
sampling circuit 1s controlled by a first signal that 1s
irrelevant to the input signal pair;

wherein the first sampling circuit 1s controlled by a first
clock signal, and the detecting circuit further comprises:

a second offset generating circuit, arranged to apply a
second offset to the input signal pair and accordingly
generate a second offset output signal pair;

a second sampling circuit, coupled to the second oifset
generating circuit, the second sampling circuit arranged
to sample the second oflset output signal pair according

to a second signal to generate a second sampling signal;
and

a logic circuit, coupled to the first sampling circuit and the
second sampling circuit, for combining the first sam-
pling signal and the second sampling signal to generate
a combined sampling signal;

wherein the combined sampling signal 1s utilized to 1den-
tify the data signal on the 1mnput signal pair, and a phase
of the first signal 1s different from a phase of the second

signal.
8. The detecting circuit of claim 7, wherein the combined

sampling signal has transitions between a first signal level and
a second signal level, and the detecting circuit further com-
Prises:

an extension circuit, coupled to the logic circuit, the exten-
sion circuit arranged to hold the second signal level of
the combined sampling signal during at least one spe-
cific duration and accordingly generate a detection sig-
nal utilized to identify the data signal on the input signal
pair.

9. The detecting circuit of claim 7, wherein the first offset

substantially equals the second offset.

10. The detecting circuit of claim 7, further comprising;:

a counting circuit, coupled to the logic circuit, the counting,
circuit arranged to count transitions of the combined
sampling signal to generate a counting value; and

a decision circuit, coupled to the counting circuit, the deci-
ston circuit arranged to generate an indicating signal
according to the counting value;

wherein when the counting value reaches a predetermined
value, the decision circuit generates the indicating signal
to indicate that the combined sampling signal 1s a valid
combined sampling signal.

11. A detecting method, comprising:

applying, with a first offset generating circuit, a first offset
to an mput signal pair 1n order to provide different com-
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mon mode voltages to a first positive output signal and a
first negative output signal of a first output signal pair;
and

sampling, with a first sampling circuit, the first output
signal pair to generate a first sampling signal, wherein
the first sampling signal 1s utilized to identify a data
signal on the input signal pair, and the first sampling
circuit 1s controlled by a first signal that 1s 1irrelevant to

the input signal pair.

12. The detecting method of claim 11, wherein the com-
mon mode voltage of the first positive output signal 1s the
common mode voltage of the first negative output signal
minus the first offset, and the first sampling signal 1s utilized
to 1dentily the data signal with amplitude larger than the first
offset.

13. A detecting method, comprising:

applying, with a first offset generating circuit, a first offset

to an 1nput signal pair to accordingly generate a first
output signal pair;

sampling, with a first sampling circuit, the first output

signal pair to generate a first sampling signal, wherein
the first sampling signal 1s utilized to identify a data
signal on the input signal pair, and the first sampling
circuit 1s controlled by a first signal that 1s 1rrelevant to
the input signal pair;

counting transitions in the first sampling signal to generate

a counting value;

generating an indicating signal according to the counting,

value; and

utilizing the indicating signal to indicate that the first sam-

pling signal 1s a valid first sampling signal when the
counting value reaches a predetermined value.

14. A detecting method, comprising:

applying, with a first offset generating circuit, a first oifset

to an 1nput signal pair to accordingly generate a first
output signal pair; and

sampling, with a first sampling circuit, the first output

signal pair to generate a first sampling signal, wherein
the first sampling signal 1s utilized to identify a data
signal on the input signal pair, and the first sampling
circuit 1s controlled by a first signal that 1s 1rrelevant to
the input signal pair;

wherein the first sampling signal has transitions between a

first signal level and a second signal level, and the detect-
ing method further comprises:
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holding the second signal level of the first sampling signal
during at least one specific duration to accordingly gen-
crate a detection signal utilized to identify the data signal
on the mput signal pair.

15. A detecting method, comprising:

applying, with a first offset generating circuit, a first offset
to an input signal pair to accordingly generate a first
output signal pair;

sampling, with a first sampling circuit, the first output
signal pair to generate a first sampling signal, wherein
the first sampling signal i1s utilized to identify a data
signal on the input signal pair, and the first sampling
circuit 1s controlled by a first signal that 1s 1rrelevant to
the input signal pair;

applying a second offset to the mput signal pair to accord-
ingly generate a second output signal pair;

sampling the second output signal pair according to a sec-
ond signal to generate a second sampling signal; and

combining the first sampling signal and the second sam-
pling signal to generate a combined sampling signal;

wherein the combined sampling signal 1s utilized to 1den-
tify the data signal on the 1nput signal pair, and a phase
of the first signal 1s different from a phase of the second

signal.
16. The detecting method of claim 15, wherein the com-

bined sampling signal has transitions between a first signal
level and a second signal level, and the detecting method
further comprises:

holding the second signal level of the combined sampling
signal during at least one specific duration to accord-
ingly generate a detection signal utilized to 1dentity the
data signal on the input signal patr.

17. The detecting method of claim 16, wherein the first

tIset substantially equals the second offset.

18. The detecting method of claim 16, further comprising:
counting transitions of the combined sampling signal to

generate a counting value;
generating an indicating signal according to the counting

value; and

utilizing the indicating signal to indicate that the combined
sampling signal 1s a valid combined sampling signal
when the counting value reaches a predetermined value.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

